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(57) ABSTRACT

A gate valve is configured to have a first fluid flow path. In a
state where a gate valve pin is at a first pin position, a frontend
section on an injection hole side of the gate valve pin closes an
injection hole. In a state where the gate valve pin is at a second
pin position that is more distant from the injection hole than
the first pin position, a front end section opens the injection
hole to make communication between the first fluid flow path
and the injection hole and thereby form a resin supply line. In
a state where a sleeve is at a first sleeve position and the gate
valve pin is at the first pin position, a second fluid flow path is
formed in the gate valve to connect an injection hole-side end
of the first fluid flow path to outside of the gate valve and is
made to communicate with the first fluid flow path and
thereby form a cleaning line.

10 Claims, 13 Drawing Sheets
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GATE VALVE AND MANUFACTURING
METHOD OF GATE VALVE

CROSS REFERENCE TO RELATED
APPLICATIONS

This is the U.S. National Phase application of PCT/
JP2013/001039, filed Feb. 25, 2013, which claims priority to
Japanese Patent Application No. 2012-068938, filed Mar. 26,
2012, the disclosures of each of these applications being
incorporated herein by reference in their entireties for all
purposes.

FIELD OF THE INVENTION

The present invention relates to a gate valve switched over
to allow or block a flow of thermosetting resin.

BACKGROUND OF THE INVENTION

An exemplary method of molding a thermosetting resin
(hereinafter may be simply referred to as resin) injects the
resin into a mold and heats the mold. A known resin injection
device used for this molding method is a gate valve config-
ured to open and close a resin injection hole by moving a gate
valve pin. This gate valve is cleaned at regular intervals, in
order to avoid potential troubles caused by an increase in
viscosity of the resin or curing of the resin retained inside of
the gate valve.

For example, Patent Document 1 specified below describes
a gate valve that can be cleaned. This gate valve includes a
gate valve pin configured to open and close a resin injection
hole and a discharge flow path for a cleaning liquid formed by
a space between a casing and the gate valve pin of the gate
valve. A resin supply flow path is formed inside of the gate
valve pin. The supply flow path is made to communicate with
outside of the gate valve pin via an opening formed in the
vicinity of a front end section on the injection hole side of the
gate valve pin. The gate valve pin partly has a first convex
protruded from a side surface thereof to have a larger outer
diameter. The casing has a second convex protruded from an
inner surface of receiving the gate valve pin toward the gate
valve pin to narrow the diameter of the discharge flow path
above the first convex. The gate valve of this configuration
operates as described below.

Moving the gate valve pin upward opens the injection hole.
In this state, the first convex comes into contact with the
second convex to block the discharge flow path in the middle
thereof. In this state, when the resin is supplied through the
supply flow path, the resin is flowed through the supply flow
path inside of the gate valve pin into the injection hole via the
opening. When the gate valve pin is moved downward, the
injection hole is closed by an end of the gate valve pin. The
first convex is accordingly not in contact with the second
convex, so that the blocked discharge flow path is opened. The
discharge flow path is made to communicate with the supply
flow path via the opening of the gate valve pin. In this state,
when the cleaning liquid is supplied through the supply flow
path, the cleaning liquid cleans the flow passage of the resin
and is discharged through the discharge flow path. As clearly
understood from the above description, in the gate valve of
Patent Document 1, when one of the injection hole and the
discharge flow path is opened, the other is always closed.

PATENT DOCUMENTS

Patent Document 1: UK Patent GB2401924
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SUMMARY OF THE INVENTION

The above gate valve, however, still has a room for
improvement. For example, the resin is retained in the
upstream of the second convex in the discharge flow path in
the state that the injection hole is closed. The retained resin
may be cured with heat for heating the mold and may cause a
trouble, for example, incapable of moving the gate valve pin.
In another example, while the gate valve pin is moved down-
ward to close the injection hole, the resin retained in the
non-cured state may be pushed out by the gate valve pinto be
moved to the discharge flow path and may be leaked to the
pathway outside of the gate valve. Curing the leaked resin
may block the discharge flow path.

In order to avoid such events, the gate valve may be cleaned
after each time of injection of the resin. This, however, needs
a greater amount of cleaning liquid, compared with the case
that cleaning is performed after a plurality of times of injec-
tion of the resin. Additionally, the retained resin is discharged
to the discharge flow path. This increases the amount of waste
of the resin.

In order to suppress the air from being contained in a
molded product of the resin, the air present inside of the mold
is generally sucked prior to injection of the resin. In the above
gate valve, however, there is a time period when both the
injection hole and the discharge flow path are opened simul-
taneously in the course of moving the gate valve pin. Even
when the air present inside of the mold is sucked prior to
injection of the resin, the air flows from the discharge flow
path to inside of the mold at the moment of opening the
injection hole. This fails to sufficiently suppress the air from
being contained in the molded product.

With regard to any gate valve used for molding a resin as
well as the gate valve described above, from the standpoint of
the efficiency of the manufacturing process of the molded
product of the resin, there is also a need to reduce the fre-
quency of cleaning. From the same standpoint, it is also
demanded to clean the gate valve by using the time required
for curing the resin injected in the mold.

The present invention is made to solve at least part of the
problems described above and may be implemented by the
following aspects or embodiments.

[Aspect 1]

There is provided a gate valve configured to have an injec-
tion hole formed therein and switched over to allow or block
aflow of a thermosetting resin via the injection hole. The gate
valve comprises: a casing configured to have a specific space
formed inside thereof to be extended along a specified direc-
tion; a gate valve pin configured to be movable in the specified
direction in the specific space; and a sleeve provided outside
of'the gate valve pin in the specific space and configured to be
movable in the specified direction. The gate valve is config-
ured to have a first fluid flow path. In a state where the gate
valve pin is at a first pin position, a front end section on an
injection hole side of the gate valve pin closes the injection
hole to block communication between the first fluid flow path
and the injection hole. In a state where the gate valve pin is at
a second pin position that is more distant from the injection
hole than the first pin position, the front end section opens the
injection hole to make communication between the first fluid
flow path and the injection hole and thereby form a resin
supply line for allowing the flow of the thermosetting resin. In
a state where the sleeve is at a first sleeve position and the gate
valve pin is at the first pin position, a second fluid flow path is
formed in the gate valve to connect an injection hole-side end
of the first fluid flow path to outside of the gate valve and is
made to communicate with the first fluid flow path and
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thereby form a cleaning line for supplying and discharging a
cleaning liquid. In a state where the sleeve is at a second
sleeve position that is closer to the injection hole than the first
sleeve position, the sleeve blocks communication between
the first fluid flow path and the second fluid flow path con-
necting to the outside.

According to the above configuration of the gate valve,
moving the gate valve pin to the second pin position from the
state that the gate valve pin is at the first pin position and the
sleeve is at the second sleeve position allows the flow of the
thermosetting resin through the resin supply line. Subse-
quently moving the gate valve pin to the first pin position
blocks the flow of the thermosetting resin through the resin
supply line. Subsequently moving the sleeve to the first sleeve
position forms the cleaning line to clean the gate valve, while
blocking the resin supply line. In this manner, the gate valve
can be cleaned by using the time required for curing the
thermosetting resin supplied from the gate valve. According
to the configuration of the gate valve, after completion of
cleaning the gate valve through the cleaning line, moving the
sleeve to the second sleeve position blocks the cleaning line.
Subsequently moving the gate valve pin to the second pin
position again allows the flow of the thermosetting resin
through the resin supply line. In this manner, control is made
to prevent the resin supply line and the cleaning line from
being formed simultaneously. As a result, this suppresses the
air from entering from the cleaning line to the resin supply
line. This also prevents the thermosetting resin retained in the
resin supply line from leaking to the cleaning line in the
course of blocking the resin supply line.

[Aspect 2]

In the gate valve according to Aspect 1, the first fluid flow
path may be formed inside of the gate valve pin as a passage
to communicate a first hole formed at an end of the first fluid
flow path opposite to the injection hole-side end with a second
hole formed at the injection hole-side end. The second fluid
flow path may be formed as a passage to connect the second
hole to the outside of the gate valve.

According to the above configuration of the gate valve, the
first fluid flow path is formed inside of the gate valve pin. This
simplifies the device configuration. Compared with other
configurations, this configuration allows for reduction of the
outer diameter of the gate valve. As a result, this enables the
middle area and the outer area of the gate valve to be equally
cooled.

[Aspect 3]

In the gate valve according to Aspect 2, a second hole-side
end of the second fluid flow path may be blocked in a state
where the sleeve is at the second sleeve position.

According to the above configuration of the gate valve,
allowing the flow of the thermosetting resin through the injec-
tion hole in the state where the sleeve is at the second sleeve
position suppresses the thermosetting resin from being
retained in the second fluid flow path by subsequently block-
ing the resin supply line. This suppresses the thermosetting
resin from being retained in the passage other than the flow
path of the resin supply line. This results in suppressing the
retained thermosetting resin from being cured and causing a
problem with the operation of the gate valve. There is no need
of cleaning the gate valve after each time of the flow of the
thermosetting resin. This reduces the frequency of cleaning
and thereby decreases the amount of waste of the thermoset-
ting resin and the amount of cleaning liquid used.

[Aspect 4]

In the gate valve according to Aspect 3, the gate valve pin
may have a first pin portion with a seal member provided
thereon to seal between the gate valve pin and the sleeve, in a
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4

state where the gate valve pin is at the first pin position and the
sleeve is at the second sleeve position. An injection hole-side
end surface of the sleeve at the first sleeve position may be
located on an opposite side of the injection hole across a seal
position of the seal member in a state where the gate valve pin
is at the first pin position. The second fluid flow path may be
formed to include a front end-side partial flow path specified
as a space by moving the sleeve from the second sleeve
position to the first sleeve position in a state where the gate
valve pin is at the first pin position.

According to the above configuration of the gate valve, in
the state where the cleaning line is formed, the sealing posi-
tion of the seal member is exposed on the front end-side
partial flow path. Such exposure enables the sealing position
of'the seal member to be cleaned. The cleaning interferes with
curing the thermosetting resin adhering to the seal member
and suppresses a potential damage of the seal member by the
cured thermosetting resin during move of the gate valve pin or
the sleeve and resulting deterioration of the sealing perfor-
mance. This results in enhancing the durability of the seal
member and reducing the frequency of replacement of the
seal member, thus reducing the workload.

[Aspect 5]

In the gate valve according to Aspect 4, the gate valve pin
may have a second pin portion with a space formed therein as
an inner partial flow path between the gate valve pin and an
inner surface of the sleeve, wherein the second pin portion is
located on an opposite side of the front end section across the
first pin portion. The second fluid flow path may be formed to
include a passage formed by connecting the front end-side
partial flow path with the inner partial flow path.

According to the above configuration of the gate valve, the
second fluid flow path is formed by using the space between
the gate valve pin and the sleeve. Compared with the configu-
ration of providing a passage for the second fluid flow path
inside of the casing, this configuration reduces the size of the
gate valve.

[Aspect 6]

Inthe gate valve according to Aspect 3, the sleeve may have
asleeve portion with a space formed therein as an outer partial
flow path between the sleeve and a specific space-side inner
surface of the casing. The second fluid flow path may be
formed to include a passage formed by connecting the outer
partial flow path with a front section-side partial flow path,
which is a space specified by moving the sleeve from the
second sleeve position to the first sleeve position in a state
where the gate valve pin is at the first pin position.

According to the above configuration of the gate valve, the
second fluid flow path is formed by using the space between
the sleeve and the casing. Compared with the configuration of
providing a passage for the second fluid flow path inside of the
casing, this configuration reduces the size of the gate valve.
[Aspect 7]

In the gate valve according to Aspect 6, the gate valve pin
may have: a first seal member provided to seal against the
sleeve; and a second seal member located closer to the injec-
tion hole than the first seal member and provided to seal
against the sleeve. In a state where the sleeve is at the second
sleeve position and the gate valve pin is at the first pin posi-
tion, the first seal member and the second seal member may
serve to seal between the gate valve pin and the sleeve. In a
state where the sleeve is at the first sleeve position and the gate
valve pin is at the first pin position, only the first seal member
out of the first and the second seal members may serve to seal
between the gate valve pin and the sleeve. The second fluid
flow path may be formed to include the front end-side partial
flow path.
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According to the above configuration of the gate valve, the
second seal member exposed to the thermosetting resin is
exposed on the front end-side partial flow path in the state
where the cleaning line is formed. Such exposure enables the
second seal member to be cleaned. The cleaning interferes
with curing the thermosetting resin adhering to the second
seal member and suppresses a potential damage of the second
seal member by the cured thermosetting resin during move of
the gate valve pin or the sleeve and resulting deterioration of
the sealing performance. This results in enhancing the dura-
bility of the second seal member and reducing the frequency
of replacement of the second seal member, thus reducing the
workload.

[Aspect 8]

In the gate valve according to Aspect 1, the first fluid flow
path may be formed inside of the casing or between the casing
and the sleeve. The gate valve pin may have a third pin portion
with a seal member provided thereon to seal between the gate
valve pin and the sleeve in a state where the gate valve pin is
at the first pin position and the sleeve is at the second sleeve
position. An injection hole-side end surface of the sleeve at
the first sleeve position may be located on an opposite side of
the injection hole across a sealing position of the seal member
in a state where the gate valve pin is at the first pin position.
The second fluid flow path may be formed to include a front
end-side partial flow path specified as a space by moving the
sleeve from the second sleeve position to the first sleeve
position in a state where the gate valve pin is at the first pin
position.

The gate valve of the above configuration has the similar
advantageous effects to those of the gate valve according to
Aspect 1. In the state where the cleaning line is formed, the
sealing position of the seal member is exposed on the front
end-side partial flow path. Such exposure enables the sealing
position of the seal member to be cleaned. The cleaning
interferes with curing the thermosetting resin adhering to the
seal member and suppresses a potential damage of the seal
member by the cured thermosetting resin during move of the
gate valve pin or the sleeve and resulting deterioration of the
sealing performance. This results in enhancing the durability
of the seal member and reducing the frequency of replace-
ment of the seal member, thus reducing the workload. The
configuration of Aspect 5 may be applied to the gate valve
according to Aspect 8.

[Aspect 9]

There is provided a manufacturing method of a molded
product of a thermosetting resin using the gate valve accord-
ing to any one of Aspects 1 to 8. The manufacturing method
comprising: a first step of providing a mold, which has a
cavity in a specific shape corresponding to a shape of the
molded product and on which the gate valve is mounted; a
second step of sucking the air in the cavity in a state where the
gate valve pin is at the first pin position and the sleeve is at the
second sleeve position; a third step of moving the gate valve
pin to the second pin position after the second step, to form the
resin supply line and inject the thermosetting resin supplied
through the first hole into the cavity; a fourth step of moving
the gate valve pin to the first pin position after the third step,
to block the resin supply line; a fifth step of waiting for a
predefined time to cure the thermosetting resin injected in the
cavity with application of heat; and a sixth step of moving the
sleeve to the first sleeve position in the middle of the fifth step,
to form the cleaning line so as to supply the cleaning liquid
through the first fluid flow path and discharge the cleaning
liquid through the second fluid flow path.
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The above manufacturing method of the molded product of
the thermosetting resin has the similar advantageous effects
to those described above with regard to Aspects 1 to 8 cited by
Aspect 9.

[Aspect 10]

In the manufacturing method of the molded product of the
thermosetting resin according to Aspect 9, the sixth step may
be performed in the middle of one fifth step out of a plurality
of'the fifth steps.

The above manufacturing method of the molded product of
the thermosetting resin reduces the frequency of cleaning and
thereby decreases the amount of waste of the thermosetting
resin and the amount of cleaning liquid used.

The invention is not limited to the gate valve or the manu-
facturing method of the molded product of the thermosetting
resin described above but may also be applied to a manufac-
turing apparatus of a molded product of a thermosetting resin
and a cleaning method of a gate valve.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a diagram illustrating the schematic configuration
of'a gate valve 30 (at the valve-closing position) according to
a first embodiment;

FIG. 2 is a diagram illustrating an operation of the gate
valve 30;

FIG. 3 is a diagram illustrating an operation of the gate
valve 30;

FIG. 4 is a flowchart showing a procedure of manufactur-
ing a molded product of a thermosetting resin using the gate
valve 30;

FIG. 5 is a diagram illustrating a state of the gate valve 30
(during injection of thermosetting resin);

FIG. 6 is a diagram illustrating a state of the gate valve 30
(on completion of injection of thermosetting resin);

FIG. 7 is a diagram illustrating a state of the gate valve 30
(during cleaning);

FIG. 8 is a diagram illustrating a state of a gate valve 130
(during injection of thermosetting resin) according to a sec-
ond embodiment;

FIG. 9 is a diagram illustrating a state of the gate valve 130
(on completion of injection of thermosetting resin);

FIG. 10 is adiagram illustrating a state of the gate valve 130
(during cleaning);

FIG. 11 is a diagram illustrating a state of a gate valve 230
(during injection of thermosetting resin) according to a third
embodiment;

FIG. 12 is adiagram illustrating a state of the gate valve 230
(on completion of injection of thermosetting resin); and

FIG. 13 isadiagram illustrating a state of the gate valve 230
(during cleaning).

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

A. First Embodiment

FIG. 1 illustrates the schematic configuration of a gate
valve 30 as a first embodiment of the gate valve of the inven-
tion. FIG. 1 illustrates a cross section of the gate valve 30
taken on a cutting plane including an axis OL of a gate valve
pin 50 described later. The gate valve 30 is mounted on amold
20. The gate valve 30 is used to inject a thermosetting resin
(hereinafter may be simply referred to as resin) into the mold
20 and is switched over to allow or block the flow of the resin.
The mold 20 is used to mold the resin and manufacture a
molded product. One gate valve 30 is mounted on one mold
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20 according to this embodiment, but a plurality of gate
valves 30 may alternatively be mounted on one mold 20. This
embodiment describes an example of manufacturing a carbon
fiber-reinforced plastic molded product using an epoxy resin
as the matrix by RTM (resin transfer molding) method.

The mold 20 includes a lower mold 21 and an upper mold
22. A cavity 23 is formed between the lower mold 21 and the
upper mold 22 as a space having a specific shape correspond-
ing to the shape of a resulting molded product. The resin is
injected into the cavity 23 by the gate valve 30 and is heated
to be cured and give a molded product. Heating is performed
by circulation of a heating medium through a heating medium
flow path (illustration is omitted from FIG. 1) provided inside
of the upper mold 22. A through hole 24 is formed inside of
the upper mold 22 to pass through in a direction where the
lower mold 21 and the upper mold 22 are aligned. The gate
valve 30 is inserted into this through hole 24. A lower mold
21-side end of the two ends of the through hole 24 forms a
resin inlet 25 through which the resin is injected into the
cavity 23. In the description below, the side where the upper
mold 22 is located is called upper side, and the side where the
lower mold 21 is located is called lower side.

The gate valve 30 includes a casing 40, a gate valve pin 50
and a sleeve 60. The casing 40 is constructed by combining a
plurality of cylinders having different diameters. This casing
40 has a hollow space. More specifically, a space 41 is pro-
vided inside of the casing 40 to be extended along the direc-
tion where the lower mold 21 and the upper mold 22 are
aligned, i.e., the direction of the axis OL of the gate valve pin
50 described later (hereinafter referred to as axial direction
OD). The space 41 is formed to pass through the casing 40 in
the axial direction OD. In other words, the casing 40 has aring
shape. The upper side of the space 41 is covered with a stopper
90. A through hole 91 is formed in the central part of the
stopper 90 to pass through in the axial direction OD. The
through hole 91 has a circular cross section in this embodi-
ment. The gate valve pin 50 is inserted into this through hole
91.

The casing 40 includes a large inner diameter section 42
having a largest inner diameter, a small inner diameter section
44 having a smallest inner diameter and a medium inner
diameter section 43 having an inner diameter smaller than the
inner diameter of the large inner diameter section 42 but
larger than the inner diameter of the small inner diameter
section 44. The large inner diameter section 42, the medium
inner diameter section 43 and the small inner diameter section
44 are formed in the order of the large inner diameter section
42, the medium inner diameter section 43 and the small inner
diameter section 44 in the direction from the upper side to the
lower side. The outer diameters of the large inner diameter
section 42 and the upper side of the medium inner diameter
section 43 are larger than the outer diameters of the lower side
of the medium inner diameter section 43 and the small inner
diameter section 44.

Aheat-conducting element 83 is inserted into the lower end
of the casing 40 to fill the lower end of the space 41. The
heat-conducting element 83 is made of a material having the
higher thermal conductivity than that of the casing 40.
According to this embodiment, a lower end surface of the
casing 40 is flush with a lower end surface of the heat-con-
ducting element 83 in relation to the axial direction OD. A
heat-insulating element 84 is provided on the lower end sur-
faces of the casing 40 and the heat-conductive element 83.
According to this embodiment, the heat-insulating element
84 is provided over half of the distance between the heat-
conducting element 83 and the cavity 23 (resin inlet 25). A
space 81 having a circular cross section orthogonal to the axis
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OL is formed inside of the heat-conducting element 83 and
the heat-insulating element 84. A lower end of the space 81
forms a resin injection hole 48 as a resin outlet of the gate
valve 30.

The upper mold 22 is air-tightly brought into contact with
the heat-insulating element 84. Similarly the heat-insulating
element 84 is air-tightly brought into contact with the heat-
conducting element 83. In the state where the gate valve 30 is
inserted in the through hole 24 of the upper hole 22, a small
space is formed between the upper mold 22 and the outer
surface of the casing 40 except the position where the heat-
insulating element 84 is in contact with the upper mold 22.
This small space serves as a heat-insulating layer. A heat
insulator may be provided in this space.

The gate valve pin 50 is a rod-like member having a circu-
lar cross section orthogonal to the axis OL. The axis OL
herein is defined as a centerline of the gate valve pin 50 that is
parallel to the direction in which the rod-like gate valve pin 50
is extended. The gate valve pin 50 is coupled with an actuator,
for example, a hydraulic cylinder (illustration is omitted from
FIG. 1). The gate valve pin 50 is configured to be movable
along the axial direction OD by the actuator. The gate valve
pin 50 includes a rear end section 51, a first medium diameter
section 52, a small diameter section 53, a second medium
diameter section 54, a sloped section 56 and a front end
section 55 from the upper side to the lower side. The rear end
section 51 has a largest outer diameter. The outer diameter of
the rear end section 51 is formed larger than the diameter of
the through hole 91 formed in the stopper 90. The first
medium diameter section 52 and the second medium diam-
eter section 54 have outer diameters smaller than the outer
diameter of the rear end section 51 but larger than the outer
diameter of the small diameter section 53. The sloped section
56 is formed between the second medium diameter section 54
and the front end section 55. The sloped section 56 has outer
diameter that is equal to the outer diameter of the second
medium diameter section 54 at its upper end and is equal to
the outer diameter of the front end section 55 at its lower end.
In other words, the sloped section 56 has the outer diameter
gradually tapered toward the lower side.

The front end section 55 has substantially the same outer
diameter as that of the small diameter section 53 according to
this embodiment. The outer diameter of this front end section
55 is formed slightly smaller than the space 81 formed in the
heat-conducting element 83 and the heat-insulating element
84. In other words, the outer diameter of the front end section
55 is set such that the front end section 55 is movable in the
state where the front end section 55 is substantially in contact
with the inner surfaces of the heat-conducting element 83 and
the heat-insulating element 84 that form the space 81. The
front end section 55 is inserted into the space 81 to block the
flow of the resin via the resin injection hole 48. When the front
end section 55 is fully inserted into the space 81, i.e., when the
lower end of the sloped section 56 comes into contact with the
upper end surface of the heat-conducting element 83, the
lower end surface of the front end section 55 is flush with the
resin inlet 25 in relation to the axial direction OD.

The outer diameter of the first medium diameter section 52
is formed slightly smaller than the diameter of the through
hole 91 of the stopper 90. In other words, the outer diameter
of'the first medium diameter section 52 is set such that the first
medium diameter section 52 is movable in the state where the
first medium diameter section 52 is substantially in contact
with the inner diameter surface of the stopper 90. A seal
member, for example, an O-ring (illustration is omitted from
FIG. 1) is provided on the inner diameter surface of the
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stopper 90. The upper side of the space 41 is sealed with the
stopper 90, the first medium diameter section 52 and the
above seal member.

The outer diameter of the second medium diameter section
54 is formed slightly smaller than the inner diameter of the
sleeve 60 described later. In other words, the outer diameter of
the second medium diameter section 54 is set such that the
second medium diameter section 54 is movable in the state
where the second medium diameter section 54 is substantially
in contact with the inner diameter surface of the sleeve 60.
The second medium diameter section 54 has a seal member
85. More specifically, a groove is formed in the circumferen-
tial direction on the surface of the central part of the second
medium diameter section 54. The seal member 85 is inserted
in the groove. For example, an O-ring or a piston ring may be
used for the seal member 85. The seal member 85 seals
between the second medium diameter section 54 and the
sleeve 60. This seal member 85 serves to suppress the resin
from entering upward between the second medium diameter
section 54 and the sleeve 60.

The gate valve pin 50 has a hollow space inside thereof to
form a first fluid flow path 57. This first fluid flow path 57 is
formed inside of the rear end section 51, the first medium
diameter section 52, the small diameter section 53, the second
medium diameter section 54 and the sloped section 56. The
rear end section 51 located outside of the space 41, which is
sealed with the stopper 90, has a first hole 58 formed at one
end of the first fluid flow path 57. According to this embodi-
ment, the first hole 58 is formed in a different surface from the
upper end surface of the rear end section 51. More specifi-
cally, the first hole 58 is formed in a side surface of the rear
end section 51 parallel to the axial direction OD. The sloped
section 56 has second holes 59 formed at the other end of the
first fluid flow path 57. In other words, the second holes 59 are
formed immediately before the front end section 55 in the
gate valve pin 50. According to this embodiment, the first
fluid flow path 57 is branched into two passages inside of the
second medium diameter section 54 to be symmetrical about
the axis OL. There are accordingly two second holes 59.

The second holes 59 are formed to have a diameter slightly
smaller than the length of the sloped section 56 at the cross
section shown in FIG. 1. In other words, the length of the
sloped section 56 is set to allow the second holes 59 to have
the required diameter. According to this embodiment, the
length of the sloped section 56 is not greater than twice the
diameter of the second holes 59. The resin or a cleaning liquid
flows through the second holes 59 (described later in detail).
The diameter of the second holes 59 is accordingly set such
that the flow rate and the pressure of the resin or the cleaning
liquid are within desired ranges. As shown in FIG. 1, when the
front end section 55 is fully inserted into the space 81, a space
45 is formed by the sloped section 56 of the gate valve pin 50,
the lower end of the sleeve 60 described later and the heat-
conducting element 83. The space 45 is an extremely small
space formed by setting the length of the sloped section 56 as
described above. The similar effect is obtained to some extent
when the length of the sloped section 56 is, for example, not
greater than five times the diameter of the second holes 59.

The sleeve 60 is provided outside of the gate valve pin 50 in
the space 41. The sleeve 60 is in a ring shape having a through
hole at the center thereof, and the gate valve ping 50 is
inserted in this through hole. The sleeve 60 includes a large
diameter section 61, a medium diameter section 62 and a
small diameter section 63 from the upper side to the lower
side. The large diameter section 61 has a largest outer diam-
eter. The outer diameter of the large diameter section 61 is
larger than the inner diameter of the medium inner diameter
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section 43 of the casing 40. The outer diameter of the central
part of the large diameter section 61 is formed slightly smaller
than the inner diameter of the large inner diameter section 42
of the casing 40. The inner diameter of the large diameter
section 61 is formed slightly larger than the outer diameter of
the first medium diameter section 52 of the gate valve pin 50.
Seal members, for example, O-rings (illustration is omitted
from FIG. 1) are provided to seal between the large diameter
section 61 and the large inner diameter section 42 and
between the large diameter section 61 and the first medium
diameter section 52.

The medium diameter section 62 has an outer diameter
larger than that of the large diameter section 61 but smaller
than that of the small diameter section 63. The outer diameter
of the medium diameter section 62 is formed slightly smaller
than the inner diameter of the medium inner diameter section
43 of the casing 40. The medium diameter section 62 has a
through hole 64 formed to pass through the medium diameter
section 62 in a direction crossing the axial direction OD. A
seal member, for example, an O-ring (illustration is omitted
from FIG. 1) is provided at a position above the through hole
64 to seal between the medium inner diameter section 43 of
the casing 40 and the medium diameter section 62. The outer
diameter of the small diameter section 63 is formed slightly
smaller than the inner diameter of the small inner diameter
section 44 of the casing 40. The inner diameters of the large
diameter section 61, the medium diameter section 62 and the
small diameter section 63 are the same size and are formed
slightly larger than the outer diameter of the first medium
diameter section 52 of the gate valve pin 50.

This sleeve 60 is configured to be movable along the axial
direction OD. The sleeve 60 is moved by controlling the
atmospheric pressure in a specified part of the space 41
defined by the large diameter section 61 of the sleeve 60, the
large inner diameter section 42 of the casing 40 and the
stopper 90. More specifically, the stopper 90 has a through
hole formed to pass through the axial direction OD, and a tube
is inserted into the through hole (illustration is omitted from
FIG. 1). A suction pump is connected with the tube via a
changeover valve outside of the gate valve 30 (illustration is
omitted from FIG. 1). The sleeve 60 is moved along the axial
direction OD by controlling the opening-closing of the
changeover valve and the ON-OFF of'the suction pump. FIG.
1 shows the state that the sleeve 60 is moved to the lowermost
position. In this state, the lower end surface of the sleeve 60 is
in contact with the upper end surface of the heat-conducting
element 83. The lower end surface of the large diameter
section 61 of the sleeve 60 is in contact with the upper end
surface of the medium inner diameter section 43 of the casing
40. As clearly understood from the above description, the gate
valve pin 50 and the sleeve 60 are enabled to independently
move along the axial direction OD.

In the gate valve 30 described above, a space 71 extended
in the axial direction OD is formed between the small diam-
eter section 53 of the gate valve pin 50 and the medium
diameter section 62 and the small diameter section 63 of the
sleeve 60. According to this embodiment, the space 71 is
formed by making the outer diameter of the small diameter
section 53 smaller than those of the other parts of the gate
valve pin 50. A space 82 is formed between the medium inner
diameter section 43 of the casing 40 and the small diameter
section 63 of the sleeve 60. A partial flow path 72 is formed
inside of the casing 40 and the stopper 90. The partial flow
path 72 communicates the space 41 inside of the casing 40
with outside of the gate valve 30. More specifically, the partial
flow path 72 runs from a hole 74 provided in the vicinity of the
upper end of the inner surface of the medium inner diameter
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section 43 through the inside of the casing 40 and the stopper
90 to the outside of the stopper 90 via a hole 75.

A cooling flow path 46 is formed inside of the casing 40
over substantially the entire range of the axial direction OD.
A cooling medium such as water is flowed through the cool-
ing flow path 46. The cooling medium supplied through the
stopper 90 flows from the upper side to the lower side of the
cooling flow path 46, goes round a cross section other than the
cross section of FIG. 1 in the circumferential direction of the
axis OL in the neighborhood of the heat-conducting element
83, flows from the lower side to the upper side, and is dis-
charged out of the stopper 90. Circulation of the cooling
medium through the cooling flow path 46 suppresses heat
released from the heating medium flow path provided inside
of the upper mold 22 from being transferred to inside of the
cooling flow path 46 formed in the casing 40. As a result, this
suppresses curing of the resin or an increase in viscosity of the
resin inside of the gate valve 30.

FIG. 2 illustrates a state that the gate valve pin 50 is moved
upward relative to the gate valve 30 shown in FIG. 1. The
sleeve 60 is not moved from the state shown in FIG. 1. The
gate valve pin 50 is moved to a position where the lower end
surface of the front end section 55 is located above the upper
end surface of the heat-conducting element 83 in relation to
the axial direction OD. In other words, the gate valve pin 50
is moved to a position where a gap 47a appears between the
front end section 55 and the heat-conducting element 83.
Moving the gate valve pin 50 in this manner forms a space 47
around the front end section 55 or more specifically in the
circumferential direction and below the front end section 55.
At this position of the gate valve 30, the first fluid flow path 57
formed in the gate valve pin 50 communicates with the resin
injection hole 48 through the space 47 and the space 81. In this
state, the resin may be supplied through the first hole 58 at the
outer end of the first fluid flow path 57 to be injected through
the resin injection hole 48 into the cavity 23. The fluid passage
formed by the first fluid flow path 57, the space 47 and the
space 81 is called resin supply line.

FIG. 3 illustrates a state that the sleeve 60 is moved upward
relative to the gate valve 30 shown in FIG. 1. The gate valve
pin 50 is not moved from the state shown in FIG. 1. The sleeve
60 is moved to a position where the upper end surface of the
large diameter section 61 is in contact with the lower end
surface of the stopper 90. This means that the stopper 90
defines the stop position of the moving sleeve 60. At this
position of the sleeve 60, the lower end surface of the sleeve
60 is located above the sealing position of the seal member 85
in relation the axial direction OD. In other words, the sleeve
60 is at the position where a gap 73a appears between the
lower end surface of the sleeve 60 and the seal member 85. In
this state, a space 73 is formed in the circumferential direction
of the second medium diameter section 54 of the gate valve
pin 50 by moving the sleeve 60 upward. The through hole 64
formed in the sleeve 60 is at such a position as to communi-
cate with the partial flow path 72 formed in the casing 40.
Additionally, the through hole 64 is at the position overlap-
ping with the space 71 in relation to the axial direction OD.
According to this embodiment, the through hole 64 is at the
position overlapping with the upper end of the space 71.
According to this positional relationship, in the state where
the gate valve pin 50 and the sleeve 60 are at the positions
shown in FIG. 3, a flow path is formed to communicate the
space 73, the space 71 and the through hole 64 with the partial
flow path 72. This communicating flow pathis called a second
fluid flow path 70.

In the state where the second fluid flow path 70 is formed,
as shown in FIG. 3, the second holes 59 formed in the gate
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valve pin 50 communicate with the second fluid flow path 70.
The first fluid flow path 57 formed in the gate valve pin 50
accordingly communicates with the second fluid flow path 70
via the space 45. In this state, a cleaning liquid may be
supplied through the first hole 58 at the outer end of the first
fluid flow path 57 to clean the first fluid flow path 57. An
organic solvent is generally used for the cleaning liquid. The
seal member 85 is exposed on the second fluid flow path 70
and is thus also cleaned. A fluid passage formed by the first
fluid flow path 57, the space 45 and the second fluid flow path
70 is called cleaning line.

In the above positions of the gate valve pin 50 shown in
FIGS. 110 3, the position shown in FIGS. 1 and 3 is called first
pin position. The position of the gate valve pin 50 shown in
FIG. 2 is called second pin position. The first pin position is
the position where the front end section 55 of the gate valve
pin 50 closes the resin injection hole 48. The second pin
position is the position where the front end section 55 opens
the resin injection hole 48. In the above positions of the sleeve
60 shown in FIGS. 1 to 3, the position shown in FIG. 3 is
called first sleeve position. The position of the sleeve 60
shown in FIGS. 1 and 2 is called second sleeve position. The
first sleeve position is the position where the second fluid flow
path 70 is formed. The second sleeve position is the position
where the second fluid flow path 70 is not formed, i.e., com-
munication between the first fluid flow path 57 and the second
fluid flow path 70 is blocked. As clearly understood from the
above description, when the sleeve 60 is moved from the
second sleeve position to the first sleeve position, the space 73
atthe second hole 59-side end of the second fluid flow path 70
is blocked by the sleeve 60.

FIG. 4 illustrates a procedure of manufacturing a resin
molded product using the gate valve 30 described above.
According to this embodiment, the molded product manufac-
turing process is automated, and a plurality of molded prod-
ucts are repeatedly and successively manufactured at speci-
fied cycles (for example, 20 minutes). FIG. 4 shows one cycle
of manufacturing one molded product. The molded product
manufacturing process provides a carbon fiber-containing
base material in the cavity 23 of the mold 20 (step S110). This
base material is molded in advance to a shape corresponding
to the shape of a resulting molded product. After providing
the base material, the process clamps the mold 20 (step S120).
A tube is air-tightly connected with the first hole 58 formed at
the gate valve pin 50, although illustration is omitted. The
tube is connected with a resin storage tank for storing the
resin, a cleaning liquid storage tank for storing the cleaning
liquid and an air pump in parallel via a changeover valve. The
changeover valve selectively changes over the state of the first
hole 58 among the states that the first hole 58 communicates
with only one of the resin storage tank, the cleaning liquid
storage tank and the air pump and the state that the first hole
58 does not communicate with any of the resin storage tank,
the cleaning liquid storage tank and the air pump.

After clamping the mold, the process sucks the inside of the
cavity 23 by a vacuum pump (step S130). Suction evacuates
the inside of the cavity 23 to a vacuum and suppresses the air
from being contained in the resulting molded product.

In the case of manufacturing a molded product first (in a
first cycle), suction is applied in the state where the gate valve
pin 50 is at the second pin position and the sleeve 60 is at the
second sleeve position, i.e., in the state shown in FIG. 2 (the
state where the resin supply line is formed). In this state, the
changeover valve in the upstream of the first hole 58 is closed.
This evacuates the inside of the resin supply line (the first fluid
flow path 57, the space 47 and the space 81) in addition to the
cavity 23 to a vacuum. In a second or subsequent cycle,
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suction is applied in the state where the gate valve pin 50 is at
the first pin position and the sleeve 60 is at the second sleeve
position, i.e., in the state shown in FIG. 1 (the state where the
front end section 55 closes the resin injection hole 48). In this
state, the resin adhering to the front end section 55 at step
S140 described later is cured between the resin injection hole
48 and the resin inlet 25 with the heat transferred from the
upper mold 22, so as to seal between the front end section 55
and the upper mold 22. Only the cavity 23 is accordingly
evacuated to a vacuum. The first fluid flow path 57 and the
space 45 are filled with the resin as shown in FIG. 6 described
later.

After applying suction, the process supplies the resin
through the first hole 58 and injects the resin into the cavity 23
through the resin supply line (step S140). FIG. 5 illustrates a
state of the gate valve 30 during injection of the resin. As
illustrated, the resin is injected in the state where the gate
valve pin 50 is at the second pin position and the sleeve 60 is
atthe second sleeve position. In this state, the resin supply line
(the first fluid flow path 57, the space 47 and the space 81) is
formed, while the cleaning line (the first fluid flow path 57,
the space 45 and the second fluid flow path 70 shown in FIG.
3) is not formed. In the state where the gate valve pin 50 is at
the first pin position at step S130, the gate valve pin 50 is
moved from the first pin position to the second pin position.
FIG. 5 illustrates the state that a resin TR is injected through
the resin supply line into the cavity 23 in which a base mate-
rial PF is provided. A required amount of the resin TR is
injected such that the base material PF is impregnated with
the resin TR and the resin TR is spread over the entire cavity
23.

On completion of injecting the resin TR, the resin supply
line is blocked. FIG. 6 illustrates a state that injection of the
resin TR is completed and the resin supply line is blocked.
The gate valve pin 50 is moved from the second pin position
to the first pin position. The first fluid flow path 57 and the
space 45 are filled with the resin TR. The resin TR injected
into the cavity 23 is left to stand in the cavity 23 for a time
required for curing the resin TR with heat transferred from the
upper mold 22 (hereinafter referred to as curing time).

After the resin supply line is blocked, the process subse-
quently determines whether a cleaning period has come (step
S150). This determination is made by a control device that
controls manufacture of molded products. The cleaning
period is specified in advance to such a time that an increase
in viscosity of the resin retained in or adhering to the resin
flow passage does not interfere with the functions of the gate
valve 30. The cleaning period may be set to, for example, 4
hours (12 cycles). When it is determined that the cleaning
period has come (step S150: YES), the gate valve 30 is
cleaned (step S160). This cleaning process is performed dur-
ing the curing time. This means that the waiting time for
curing the resin is used for the cleaning process.

FIG. 7 illustrates a state of the gate valve 30 during clean-
ing. As illustrated, the cleaning process is performed in the
state where the gate valve pin 50 is at the first pin position and
the sleeve 60 is at the first sleeve position. In this state, the
cleaning line (the first fluid flow path 57, the space 45 and the
second fluid flow path 70 shown in FIG. 3) is formed, while
the resin supply line (the first fluid flow path 57, the space 47
and the space 81 shown in FIG. 2) is not formed. More
specifically, after the gate valve pin 50 is moved to the first pin
position on completion of injecting the resin, the sleeve 60 is
moved from the second sleeve position to the first sleeve
position. FIG. 7 illustrates the state that the gate valve 30 is
cleaned through the formed cleaning line. The cleaning pro-
cess supplies the cleaning liquid through the first hole 58 and
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keeps the state that the cleaning line is filled with the cleaning
liquid for a predefined time. The cleaning process subse-
quently supplies the air through the first hole 58 for air blow-
ing. Keeping the filling state of the cleaning liquid and air
blowing may be repeated a plurality of times. As clearly
shown in FIG. 7, the cleaning process cleans the seal member
85, in addition to the first fluid flow path 57 used as part of the
resin supply line.

On completion of cleaning, the process waits until the
curing time has elapsed (step S170). After the curing time has
elapsed (step S170: YES), the process removes the mold and
takes out a molded product (step S180). This completes one
molded product. In the case that the cleaning process is per-
formed, at step S130 in a next cycle, suction is applied in the
state where the gate valve pin 50 is at the second pin position
and the sleeve 60 is at the second sleeve position, like the first
cycle described above.

In the gate valve 30 described above, the resin inlet corre-
sponds to the injection hole of the claims. The seal member 85
corresponds to the seal member of the claims. The space 73
corresponds to the front end-side partial flow path of the
claims. The space 71 corresponds to the inner partial flow
path of the claims. The second medium diameter section 54
corresponds to the first pin portion of the claims. The small
diameter section 53 corresponds to the second pin portion of
the claims.

According to the configuration of the gate valve 30
described above, moving the gate valve pin 50 to the second
pin position (FIG. 5) from the state that the gate valve pin 50
is at the first pin position and the sleeve 60 is at the second
sleeve position (FIG. 1) allows the flow of the resin through
the resin supply line into the cavity 23. Subsequently moving
the gate valve pin 50 to the first pin position (FIG. 6) blocks
the flow of the resin through the resin supply line into the
cavity 23. Subsequently moving the sleeve 60 to the first
sleeve position (FIG. 7) forms the cleaning line to clean the
gate valve 30, while blocking the resin supply line. In this
manner, the gate valve 30 can be cleaned by using the curing
time of the resin supplied into the cavity 23.

According to the configuration of the gate valve 30, after
completion of cleaning the gate valve 30 through the cleaning
line, moving the sleeve 60 to the second sleeve position
blocks the cleaning line (FIG. 1). Subsequently moving the
gate valve pin 50 to the second pin position (FIG. 2) again
allows the flow of the resin through the resin supply line into
the cavity 23. In this manner, control is made to prevent the
resin supply line and the cleaning line from being formed
simultaneously. As a result, this suppresses the air from enter-
ing from the cleaning line to the resin supply line. This also
prevents the thermosetting resin retained in the resin supply
line from leaking to the cleaning line in the course of blocking
the resin supply line.

According to the configuration of the gate valve 30, the
resin supply passage, i.e., the first fluid flow path 57, is formed
inside of the gate valve pin 50. This simplifies the device
configuration. Compared with other configurations, for
example, configurations of forming a resin supply passage
inside of the casing 40 and forming a resin supply passage
between the casing 40 and the sleeve 60, this configuration
allows for reduction of the outer diameter of the gate valve 30.
As aresult, this enables the middle area and the outer area of
the gate valve 30 to be equally cooled.

According to the configuration of the gate valve 30, the end
(space 73) on the upstream side (second hole 59-side) of the
second fluid flow path 70 is blocked in the state where the
sleeve 60 is at the second sleeve position. Accordingly, this
allows the resin to be flowed through the resin injection hole
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48 in the state where the sleeve 60 is at the second sleeve
position and suppresses the resin from being retained in the
second fluid flow path 70 by subsequently blocking the resin
supply line. This suppresses the resin from being retained in
the passage other than the flow path of the resin supply line.
This results in suppressing the retained resin from being
cured and causing a problem with the operation of the gate
valve 30. This also prevents an increase in viscosity of the
resin retained in the second fluid flow path 70 and accordingly
does not need cleaning after each time of the flow of the resin.
This reduces the frequency of cleaning and thereby decreases
the amount of waste of the resin and the amount of cleaning
liquid used.

According to the configuration of the gate valve 30, the seal
member 85 is provided not on the sleeve 60 but on the gate
valve pin 50. In the state where the cleaning line is formed, the
seal member 85 is exposed on the space 73 that constitutes
part of the second fluid flow path 70 (FIG. 7). Such exposure
enables the sealing position of the seal member 85 to be
cleaned. The cleaning interferes with curing the resin adher-
ing to the seal member 85 and suppresses a potential damage
of the seal member 85 by the cured resin during move of the
gate valve pin 50 or the sleeve 60 and resulting deterioration
of the sealing performance. This results in enhancing the
durability of the seal member 85 and reducing the frequency
of replacement of the seal member 85, thus reducing the
workload.

According to the configuration of the gate valve 30, the
second fluid flow path 70 is formed by using the space 71
between the gate valve pin 50 and the sleeve 60 (FIG. 3).
Compared with the configuration of providing a passage for
the second fluid flow path 70 inside of the casing 40, this
configuration reduces the size of the gate valve 30. More
specifically, this reduces the width of the casing 40 in the
direction crossing the axis OL. The space 71 is formed by
decreasing the diameter of the small diameter section 53 of
the gate valve pin 50 than the diameters of the other sections
according to this embodiment, but this is not restrictive. For
example, part of the space 71 may be formed by increasing the
inner diameter of part of the sleeve 60 than the inner diameters
of the other parts. This narrows the range of the small diam-
eter section 53 and thereby enhances the strength of the gate
valve pin 50.

According to the configuration of the gate valve 30, the
sloped section 56 is provided between the second medium
diameter section 54 and the front end section 55, and the
second holes 59 are formed in the sloped section 56. Only the
space 45 other than the first fluid flow path 57 is the place
where the resin can be retained after blocking the resin supply
line. The space 45 is an extremely small space, so that this
reduces the amount of the resin retained.

According to the configuration of the gate valve 30, the
resin injection hole 48 is formed by the heat-insulating ele-
ment 84. On the upper side of the resin injection hole 48, the
heat-insulating element 84 restricts the heat transfer to inside
of the gate valve 30 and accordingly suppresses the resin
adhering to the front end section 55 from being cured. This
effect is made more prominent by providing the heat-con-
ducting element 83 above the heat-insulating element 84 to
accelerate the cooling effect of the cooling medium flowing
through the cooling flow path 46. Such configuration reduces
the adhesion between the front end section 55 and the heat-
conducting element 83 or the heat-insulating element 84. As
a result, this enables the gate valve pin 50 from being favor-
ably moved from the first pin position to the second pin
position.
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According to the configuration of the gate valve 30, the
cleaning liquid is used in the closed system. Even when an
organic solvent is used as the cleaning liquid, this configura-
tion suppresses the organic solvent from being exposed to the
air and improves the safety.

According to the configuration of the gate valve 30, the
space 82 is formed between the sleeve 60 and the casing 40.
Even if a little amount of resin enters between the sleeve 60
and the casing 40 and is cured, the cured resin moves upward
along with the move of'the sleeve 60 in the axial direction OD
and is accumulated in the space 82. In other words, the space
82 serves as a buffer for the cured resin. As a result, compared
with the configuration of the gate valve 30 without the space
82, this configuration increases the tolerance for the resin
entering between the sleeve 60 and the casing 40. Addition-
ally, this reduces the frequency of maintenance operation to
remove the cured resin.

B. Second Embodiment

FIG. 8 illustrates the schematic configuration of a gate
valve 130 as a second embodiment of the gate valve of the
invention. FIG. 8 corresponds to FIG. 5 of the first embodi-
ment. More specifically, FIG. 8 illustrates the state of the gate
valve 130 during injection of the resin into the cavity 23. The
gate valve 130 of the second embodiment differs from the
gate valve 30 of the first embodiment by only the pathway of
the cleaning line and the relevant configuration and otherwise
has the common configuration with that of the gate valve 30.
The following describes only the differences from the first
embodiment and does not specifically describe the common
configuration with the first embodiment. The like compo-
nents of FIG. 8 to those of the first embodiment (FIG. 5) are
shown by the like numerical symbols to those of FIG. 1.

The gate valve 130 has a gate valve pin 150 including the
rear end section 51, a middle section 152, the sloped section
56 and the front end section 55 from the upper side to the
lower side. The middle section 152 has an outer diameter
formed slightly smaller than the inner diameter of the sleeve
60. The gate valve 130 does not have the small diameter
section 63 unlike the first embodiment and has a fixed diam-
eter section (having the diameter of the second medium diam-
eter section 54 of the first embodiment) between the rear end
section 51 and the sloped section 56. A first seal member 185
and a second seal member 186 are provided in the vicinity of
the lower end of the middle section 152. The second seal
member 186 is provided below the first seal member 185.

Inthe state of FIG. 8, the gate valve pin 150 is at a relatively
upper second pin position, and the sleeve 60 is at a relatively
lower second sleeve position, so that the first fluid flow path
57, the space 47, the space 81 and the resin injection hole 48
communicate with one another to form the resin supply line.
The pathway of the resin supply line is the same as that of the
first embodiment. In this state, the lower end surface of the
sleeve 60 is located below the first seal member 185 and the
second seal member 186 in relation to the axial direction OD.
Accordingly, the first seal member 185 and the second seal
member 186 serve to seal between the gate valve pin 150 and
the sleeve 60.

FIG. 9 illustrates a state of the gate valve 130 that injection
of'the resin is completed and the resin supply line is blocked.
FIG. 9 corresponds to FIG. 6 of the first embodiment. As
shown in FIG. 9, compared from the state of FIG. 8, the gate
valve pin 150 is moved from the second pin position (FIG. 8)
to the lower first pin position, while the sleeve 60 is kept at the
second sleeve position. This results in blocking the resin
supply line.
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FIG. 10 illustrates a state of the gate valve 130 during
cleaning. FIG. 10 corresponds to FIG. 7 of the first embodi-
ment. As shown in FIG. 10, compared from the state of FIG.
9, the sleeve 60 is moved from the second sleeve position to
the upper first sleeve position, while the gate valve pin 150 is
kept at the first pin position. In this state, the lower end surface
of the sleeve 60 is located above the second seal member 186
but is located below the sealing position of the first seal
member 185 in relation to the axial direction OD. Only the
first seal member 185 out of the first and the second seal
members 185 and 186 accordingly serves to seal between the
gate valve pin 150 and the sleeve 60. As a result, the second
seal member 186 is exposed on the space 73.

Moving the sleeve 60 upward to above the lower end of the
space 82 forms the space 73 and causes the space 73 to
communicate with the space 82. Similarly, moving the sleeve
60 upward extends the space 82 upward and causes the space
82 to communicate with the partial flow path 72. According to
this embodiment, the end of the space 82 communicates with
the partial flow path 72. This positional relationship causes
the space 73, the space 82 and the partial flow path 72 to
communicate with one another and forms a second fluid flow
path 170. FIG. 10 illustrates the state that the gate valve 130
is cleaned by using the cleaning line formed by the first fluid
flow path 57, the space 45 and the second fluid flow path 170.

According to the configuration of the gate valve 130
described above, the space 82 corresponds to the outer partial
flow path of the claims. The small diameter section 63 corre-
sponds to the sleeve portion of the claims. The first seal
member 185 corresponds to the first seal member of the
claims. The second seal member 186 corresponds to the sec-
ond seal member of the claims.

The configuration of the gate valve 130 suppresses the air
from being contained in a resulting molded product and addi-
tionally enables the gate valve to be cleaned by using the
curing time, like the first embodiment. The second fluid flow
path 170 is formed by using the space 82 between the sleeve
60 and the casing 40. Compared with the configuration of
providing a passage for the second fluid flow path inside of the
casing 40, this configuration reduces the size of the gate valve
130. The second seal member 186 exposed to the resin is
exposed on the space 73 hat constitutes part of the second
fluid flow path 170, so that the seal position of the second seal
member 186 can be cleaned. This results in enhancing the
durability of the second seal member 186 and reducing the
frequency of replacement of the second seal member 186,
thus reducing the workload.

C. Third Embodiment

FIG. 11 illustrates the schematic configuration of a gate
valve 230 as a third embodiment of the gate valve of the
invention. FIG. 11 corresponds to FIG. 5 of the first embodi-
ment. More specifically, FIG. 11 illustrates the state of the
gate valve 230 during injection of the resin into the cavity 23.
The gate valve 230 of the third embodiment differs from the
gate valve 30 of the first embodiment by only the pathway of
the resin supply line and the relevant configuration and oth-
erwise has the common configuration with that of the gate
valve 30. The following describes only the differences from
the first embodiment and does not specifically describe the
common configuration with the first embodiment. The like
components of FIG. 11 to those of the first embodiment (FIG.
5) are shown by the like numerical symbols to those of FIG.
1.

A gate valve pin 250 of the gate valve 230 differs from the
gate valve pin 50 of the first embodiment by omission of the
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sloped section 56. The lower end of the second medium
diameter section 54 is tapered in the direction perpendicular
to the axial direction OD to have the smaller diameter and
coupled with the front end section 55. In other words, the
lower end surface of the second medium diameter section 54
is formed parallel to the upper end surface of the heat-con-
ducting element 83. The gate valve pin 250 is solid, unlike the
gate valve pin 50 of the first embodiment. This means that the
gate valve pin 250 is formed without the first fluid flow path
57, the first hole 58 and the second holes 59 of the first
embodiment.

A casing 240 of the gate valve pin 250 differs from the
casing 40 of the first embodiment by a first fluid flow path 249
provided inside of the casing 240. The first fluid flow path 249
is formed along the axial direction OD on the inner side (gate
valve pin 50-side) of the cooling flow path 46. The first fluid
flow path 249 is also formed below the sleeve 60 at the second
sleeve position and above the heat-insulating element 84 in
the direction crossing the axial direction OD to communicate
with the space 47. In the state of FIG. 11, the gate valve pin
250 is at the upper second pin position, and the sleeve 60 is at
the lower second sleeve position, so that the first fluid flow
path 249, the space 47, the space 81 and the resin injection
hole 48 communicate with one another to form the resin
supply line.

FIG. 12 illustrates a state of the gate valve 230 that injec-
tion of the resin is completed and the resin supply line is
blocked. FIG. 12 corresponds to FIG. 6 of the first embodi-
ment. As shown in FIG. 12, compared from the state of FIG.
11, the gate valve pin 250 is moved from the second pin
position (FIG. 11) to the lower first pin position, while the
sleeve 60 is kept at the second sleeve position. This results in
blocking the resin supply line.

FIG. 13 illustrates a state of the gate valve 230 during
cleaning. FIG. 13 corresponds to FIG. 7 of the first embodi-
ment. As shown in FIG. 13, compared from the state of FIG.
12, the sleeve 60 is moved from the second sleeve position to
the upper first sleeve position, while the gate valve pin 250 is
kept at the first pin position. A space 273 is formed along with
move of the sleeve 60, and the space 273 communicates with
the space 71, the through hole 64 and the partial flow path 72
to form a second fluid flow path 270. In this state, the seal
member 85 is exposed on the space 273, like the first embodi-
ment. FIG. 13 illustrates the state that the gate valve 230 is
cleaned by using the cleaning line formed by the first fluid
flow path 249 and the second fluid flow path 270.

According to the gate valve 230 described above, the sec-
ond medium diameter section 54 corresponds to the third pin
portion of the claims. Part of the first fluid flow path 249 may
be provided between the casing 240 and the small diameter
section 63 of the sleeve 60.

The configuration of the gate valve 230 suppresses the air
from being contained in a resulting molded product and addi-
tionally enables the gate valve to be cleaned by using the
curing time, like the first embodiment. Additionally, the seal
member 85 is exposed on the space 273 that constitutes part of
the second fluid flow path 270, so that the sealing position of
the seal member 85 can be cleaned. This results in enhancing
the durability of the seal member 85 and reducing the fre-
quency of replacement of the seal member 85, thus reducing
the workload.

D. Modifications

D-1. Modification 1
In the above embodiments, the second fluid flow path 70,
170 or 270 is formed by using the space formed between the
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gate valve pin 50 or the gate valve pin 250 and the sleeve 60
or by using the space formed between the sleeve 60 and the
casing 40. Alternatively the second fluid flow path may be
formed by not using such space. For example, a passage that
constitutes a main part of a second fluid flow path (hereinafter
referred to as main passage) may be formed in a fixed manner
inside of the casing. The main passage may be made to com-
municate with a space formed by moving the sleeve 60 from
the second sleeve position to the first sleeve position (the
space 73 or the space 273 in the above embodiments) and
thereby form the second fluid flow path. In this case, a hole at
an upstream (upstream of the flow of the cleaning liquid) end
of'the main passage may be formed above the seal member 85
(or the second seal member 186) in relation to the axial
direction OD. This configuration enables the seal member 85
(or the second seal member 186) to be cleaned, like the
embodiments described above.

D-2. Modification 2

The gate valve pin 50, 150 or 250 and the sleeve 60 are
configured to be independently movable along the axial direc-
tion OD according to the above embodiments but may alter-
natively be configured not to be independently movable rela-
tive to any position. At least the following configuration is
required: the gate valve pin 50, 150 or 250 is movable to the
first pin position and the second pin position in the state where
the sleeve 60 is at the second sleeve position; and the sleeve 60
is movable to the second sleeve position whether the gate
valve pin 50, 150 or 250 is at the first pin position or at the
second pin position.

D-3. Modification 3

In the above embodiments, the upstream end of the second
fluid flow path 70, 170 or 270 (the space 73 or the space 273
in the above embodiments) is blocked in the state where the
sleeve 60 is at the second sleeve position. The middle of the
second fluid flow path 70, 170 or 270 may alternatively be
blocked. For example, the following configuration may be
employed. A convex protruded in a direction crossing the
axial direction OD may be provided in the middle of the
sleeve 60. A second fluid flow path may start from the lower
side of the sleeve 60 shown in FIG. 11 to be formed between
the sleeve 60 and the casing 40 along the axial direction OD
and is bent in the middle to a direction orthogonal to the axial
direction OD. This bending point is opened and closed by the
convex of the sleeve 60. This modified configuration also
suppresses the air from being contained in a resulting molded
product and enables the gate valve to be cleaned by using the
curing time.

D-4. Modification 4

In the above embodiments, the gate valve pin 50, 150 or
250 is moved by the actuator, whereas the sleeve 60 is moved
by using the stopper 90 and controlling the atmospheric pres-
sure the space 41. Any techniques may be employed for such
moving. For example, the outside of the rear end section 51 of
the gate valve pin 50 may be covered air-tightly, and the gate
valve pin 50 may be moved by controlling the atmospheric
pressure in a space where the rear end section 51 is located.

D-5. Modification 5

The second fluid flow path 70, 170 or 270 may have two or
more lines. For example, in FIG. 3, the second fluid flow path
70 may have two lines arranged symmetrically on both sides
across the gate valve pin 50. This configuration reduces the
cross sectional area of each second fluid flow path 70. As a
result, this reduces the size of the gate valve 30. Discharging
the cleaning liquid from a plurality of locations enhances the
effect of discharging the resin as well as the cleaning liquid.
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D-6. Modification 6

The material of the molded product manufactured by using
the gate valve 30 is not limited to the composite material
including the base material and the matrix but may be a single
material without the base material. The resin is not limited to
the epoxy resin but may be any of various thermosetting
resins. Examples of such thermosetting resin include phe-
nolic resins, urea resins, melamine resins and unsaturated
polyester resins.

The foregoing describes some embodiments of the inven-
tion. The invention is, however, not limited to these embodi-
ments, but a multiplicity of variations and modifications may
be made to the embodiments without departing from the
scope of the invention. For example, the components of the
respective aspects and the components of the embodiments
described above may be adequately combined, omitted or
conceptualized in a generic manner in any aspect to solve at
least part of the objects described above or in any aspect to
achieve at least part of the advantageous effects described
above.
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The invention claimed is:

1. A gate valve configured to have an injection hole formed
therein and switched over to allow or block a flow of a ther-
mosetting resin via the injection hole, the gate valve compris-
ing:

a casing configured to have a specific space formed inside

thereof to be extended along a specified direction;

a gate valve pin configured to be movable in the specified

direction in the specific space; and

a sleeve provided outside of the gate valve pin in the spe-

cific space and configured to be movable in the specified
direction, wherein
the gate valve is configured to have a first fluid flow path,
wherein in a state where the gate valve pin is at a first pin
position, a front end section on an injection hole side of
the gate valve pin closes the injection hole to block
communication between the first fluid flow path and the
injection hole,
in a state where the gate valve pin is at a second pin position
that is more distant from the injection hole than the first
pin position, the front end section opens the injection
hole to make communication between the first fluid flow
path and the injection hole and thereby form a resin
supply line for allowing the flow of the thermosetting
resin,
in a state where the sleeve is at a first sleeve position and the
gate valve pin is at the first pin position, a second fluid
flow path is formed in the gate valve to connect an
injection hole-side end of the first fluid flow path to
outside of the gate valve and is made to communicate
with the first fluid flow path and thereby form a cleaning
line for supplying and discharging a cleaning liquid, and

in a state where the sleeve is at a second sleeve position that
is closer to the injection hole than the first sleeve posi-
tion, the sleeve blocks communication between the first
fluid flow path and the second fluid flow path connecting
to the outside.

2. The gate valve according to claim 1,

wherein the first fluid flow path is formed inside of the gate

valve pin as a passage to communicate a first hole
formed at an end of the first fluid flow path opposite to
the injection hole-side end with a second hole formed at
the injection hole-side end, and

the second fluid flow path is formed as a passage to connect

the second hole to the outside of the gate valve.

3. The gate valve according to claim 2,

wherein a second hole-side end of the second fluid flow

pathis blocked in a state where the sleeve is at the second
sleeve position.

4. The gate valve according to claim 3,

wherein the gate valve pin has a first pin portion with a seal

member provided thereon to seal between the gate valve
pin and the sleeve, in a state where the gate valve pin is
at the first pin position and the sleeve is at the second
sleeve position,

an injection hole-side end surface of the sleeve at the first

sleeve position is located on an opposite position of the
injection hole across a seal position of the seal member
in a state where the gate valve pin is at the first pin
position, and
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the second fluid flow path is formed to include a front
end-side partial flow path specified as a space by moving
the sleeve from the second sleeve position to the first
sleeve position in a state where the gate valve pinis at the
first pin position.

5. The gate valve according to claim 4,

wherein the gate valve pin has a second pin portion with a

space formed therein as an inner partial flow path
between the gate valve pin and an inner surface of the
sleeve, the second pin portion being located on an oppo-
site side of the front end section across the first pin
portion, and

the second fluid flow path is formed to include a passage

formed by connecting the front end-side partial flow
path with the inner partial flow path.
6. The gate valve according to claim 3,
wherein the sleeve has a sleeve portion with a space formed
therein as an outer partial flow path between the sleeve
and a specific space-side inner surface of the casing, and

the second fluid flow path is formed to include a passage
formed by connecting the outer partial flow path with a
front section-side partial flow path, which is a space
specified by moving the sleeve from the second sleeve
position to the first sleeve position in a state where the
gate valve pin is at the first pin position.

7. The gate valve according to claim 6,

wherein the gate valve pin has:

a first seal member provided to seal against the sleeve;
and

asecond seal member located closer to the injection hole
than the first seal member and provided to seal against
the sleeve, wherein

in a state where the sleeve is at the second sleeve position

and the gate valve pin is at the first pin position, the first
seal member and the second seal member serve to seal
between the gate valve pin and the sleeve, and

in a state where the sleeve is at the first sleeve position and

the gate valve pin is at the first pin position, only the first
seal member out of the first and the second seal members
serves to seal between the gate valve pin and the sleeve,
wherein

the second fluid flow path is formed to include the front

end-side partial flow path.

8. The gate valve according to claim 1,

wherein the first fluid flow path is formed inside of the

casing or between the casing and the sleeve, and

the gate valve pin has a third pin portion with a seal member

provided thereon to seal between the gate valve pin and
the sleeve in a state where the gate valve pin is at the first
pin position and the sleeve is at the second sleeve posi-
tion, wherein

an injection hole-side end surface of the sleeve at the first

sleeve position is located on an opposite side of the
injection hole across a sealing position of the seal mem-
ber in a state where the gate valve pin is at the first pin
position, and

the second fluid flow path is formed to include a front

end-side partial flow path specified as a space by moving
the sleeve from the second sleeve position to the first
sleeve position in a state where the gate valve pinis at the
first pin position.

9. A manufacturing method of a molded product of a ther-
mosetting resin using the gate valve according to claim 1, the
manufacturing method comprising:

a first step of providing a mold, which has a cavity in a

specific shape corresponding to a shape of the molded
product and on which the gate valve is mounted;
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asecond step of sucking the air in the cavity in a state where
the gate valve pin is at the first pin position and the sleeve
is at the second sleeve position;

a third step of moving the gate valve pin to the second pin
position after the second step, to form the resin supply 5
line and inject the thermosetting resin supplied through
the first hole into the cavity;

a fourth step of moving the gate valve pin to the first pin
position after the third step, to block the resin supply
line; 10

a fifth step of waiting for a predefined time to cure the
thermosetting resin injected in the cavity with applica-
tion of heat; and

a sixth step of moving the sleeve to the first sleeve position
in the middle of the fifth step, to form the cleaning line so 15
as to supply the cleaning liquid through the first fluid
flow path and discharge the cleaning liquid through the
second fluid flow path.

10. The manufacturing method of the molded product of

the thermosetting resin according to claim 9, 20
wherein the sixth step is performed in the middle of one
fifth step out of a plurality of the fifth steps.
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